This study was designed to assess the effects of exposure to arsenic in drinking water on neurosensory function. A questionnaire including neurological signs and symptoms and a brief neurological exam consisting of pinprick testing of the arms and legs and knee-jerk test were administered to 321 residents of the Bamen region of Inner Mongolia, China. Arsenic in water was measured by hydride generation atomic fluorescence. Participants were divided into three exposure groups-low (non-detectible-20), medium (100-300) and high (400-700 mg/l) arsenic.
INTRODUCTION
Arsenic occurs naturally in soil and ground water in many parts of the world from the weathering of bedrock or other materials in the crust of the earth (Thornton & Farago 1997) .
Alluvial and organic soils contain more arsenic than sandy soils (Kabata-Pendias & Pendias 1984) . The present study was carried out in the Bayingnormen (Bamen) region of Inner Mongolia. Bamen is a major agricultural area-the melon and sunflower capital of China-located between ancient mountain ranges (Langsan and Da Qingsan) to the north and the Yellow River to the south. Arsenic has accumulated in the soil of the Bamen region over the millennia from erosion of the mountains and periodic flooding of the Yellow River.
Arsenic concentrations found in the underground lake basin, between the mountains and river, range from nondetectable to1,800 mg/l (Ma et al. 1999) . Arcenicism has been known to occur in this area since 1990.
Sensory axonal peripheral neuropathy is a common sequela of acute arsenic poisoning, reported to occur at doses as low as 40 -50 mg/kg (ATSDR 1998; NRC 1999) . However, there is considerable uncertainty about the threshold for neurological effects of chronic arsenic exposure in drinking water. Based on a review of data from Taiwan, Agentina and A variety of health problems including skin cancer, peripheral neuropathy, gastroenteritis and cardiovascular disease have been associated with arsenic exposure in Bamen residents (Ma et al. 1995) . The present study was undertaken to evaluate the effects of exposure to arsenic in drinking water on sensory signs and symptoms assessed by questionnaire and on pain sensation measured by pinprick testing. Tests of visual and tactile function were also administered and are reported elsewhere in this volume (Otto et al. 2006 (this issue)).
METHODS Subjects
321 residents from the Bamen region of Inner Mongolia participated in this study. Three exposure groups were defined a priori as low (0-20), medium (100 -300) and high (400-700 mg /l) arsenic in drinking water. A database containing arsenic concentrations for more than 10,000 wells in areas of chronic arsenicism was available from local anti-epidemic stations. This database was used to identify areas which would yield a wide range of exposure (0 -800 ug/l). Water samples were then obtained from 363 households. Participants were recruited from this sample to obtain the three exposure groups. Participants were not informed of water arsenic levels prior to neurosensory testing.
Demographic characteristics of these groups are shown in Table 1 . Few of the participants had a high school education and none had been to college. The mean age of participants was 34.7 years. 12 subjects were eliminated from statistical analyses due to missing well water data.
Protection of human subjects
This study was conducted according to the Declaration of Helsinki recommendations for the protection of human subjects (World Medical Association 1989). Informed consent was obtained from all subjects to participate in the study.
Test procedures and potential risks were described to subjects in the consent form. The protocol was reviewed and approved by the U.S. Environmental Protection Agency.
Assessment of arsenic
Total arsenic in water samples obtained from the wells of individual families or community water sources was assessed by hydride generation atomic fluorescence (Le & Ma 1998) . Distribution of arsenic concentrations in the three groups is shown in Figure 1 . Chi square tests were used to explore the association of categorical dependent and independent variables. Mean group differences were tested using analysis of variance Table 2 shows the number and percent of respondents by exposure category for neurological signs and symptoms. Self-reported autonomic nervous system dysfunction, heat sensitivity, numbness, pain, impaired smell, and reduced sensitivity to vibration were significantly associated with arsenic exposure category. Although the highest arsenic category generally had the highest proportion reporting the condition, the medium arsenic category, and not the low arsenic category, generally had the lowest proportion reporting the condition.
Less than 20% of participants had reduced sensitivity on any of the pinprick or knee-jerk measures. Since the distributions of pinprick and knee-jerk ratings were highly skewed, ratings were scored as either normal ( ¼ 1) or abnormal (. 1). The x 2 -test was then used to assess the percentage of participants with abnormal pinprick or kneejerk ratings for each survey or demographic question. high, medium and high, but not between low and medium exposure groups. The largest differences in pinprick score were found between low and high exposure groups.
In view of the categorical nature of the dependent variables, categorical multivariate regression analyses were also performed on pinprick scores. Results are shown in Table 4 . Knee-jerk response was unrelated to arsenic and was not included in the regression analyses. Significant increases in pinprick score were found for all pinprick measures Table 5 . A 50% reduction would be equivalent to an increase in pinprick score from 2.0 to 3.0; a 100% increase in score would be equivalent to an increase from 1 to 2 or 2 to 4.
Regression coefficients were again stronger in leg compared to arm measures. A 50% increase in pinprick score was associated with a 71 -159 ppb increase in arsenic concentration and a 100% increase was associated with a 121 -171 ppb increase.
DISCUSSION
The pinprick test is widely used in clinical neurology to assess the integrity of pain and/or touch sensation in Coefficients are interpreted as the increase in log odds of a one-unit increase in pinprick score for a change from low to medium or low to high arsenic categories c No reduced pinprick response events in low arsenic category, low and medium were combined somatosensory pathways (Greenberg et al. 2002) . Peripheral-to-central and side-to-side comparisons provide rapid indications of lesions in contralateral sensory pathways or peripheral neuropathy. The pinprick test was used in the present study since peripheral neuropathy is a well-known concomitant of acute arsenic poisoning.
The results indicate subtle, but significant impairment in the perception of pain in the hands and feet associated with arsenic exposure, consistent with case reports of peripheral neuropathy (Feldman 1999) . Furthermore the results demonstrate that sensory effects of chronic exposure to arsenic in drinking water occur well below the 1000 mg/l level specified by NRC ( is endemic (Tseng 2003) . BFD results from chronic exposure to arsenic in drinking water. Three nerves, trigeminal, median and peroneal, were assessed using standard CPT test frequencies: 5, 250 and 2000 Hz (Katims et al. 1986 ). Higher thresholds were found at all three frequencies in arsenicexposed villagers compared to controls. However, the probability of abnormal values was higher in longer (peroneal and median) than shorter (trigeminal) nerves and at lower (5 and 250 Hz) than higher (2000 Hz) frequencies. It should Coefficients interpreted as the increase in log odds of a one unit increase in pinprick rating c 50% reduction would be equivalent to an increase in pinprick scores of 2 to a 3, or a 1 to a 1.5. Similarly, a 100% reduction is equivalent to an increase in pinprick scores of 1 to 2, or 2 to 4 p p , 0.005 arsenic were obtained in this study.
Few other epidemiological studies of peripheral neuropathy in arsenic-exposed populations have been undertaken. Kreiss et al. (1983) CONCLUSIONS NRC (1999) concluded that arsenic in drinking water does not impair neurological function at concentrations below 1,000 mg/l. This study demonstrates that arsenic alters pain thresholds at well-water concentrations at least as low as 400 mg/l. Furthermore the results show that a small increase in drinking water arsenic (70 -160 mg/l) is associated with a 50% increase in pinprick score. Although further research is needed to clarify the precise threshold for neurological effects, neurosensory measures appear to be a useful noncancer endpoint for assessing the health effects of arsenic in drinking water. Finally, this study provides the first evidence that chronic exposure to arsenic in drinking water is associated with elevated pain thresholds.
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